W —

NACA RM A56A06

G8%9

P . Copy
b (»,*’/U 1 ﬁ RMA562£?Clg

[.“;':"'-.j:.f_?
S s R u(',\‘ : "‘Y
ECH PV S L n! Y

""" ._NAC ML 23,

C APR 3

RESEARCH MEMORANDUM

11&"!!@@!7@'1@&@1@!&

I

A PRELIMINARY INVESTIGATION OF THE STATIC STKBI]L].’I‘Y =

PN
CHARACTERISTICS OF FOUR AIRPLANE—LIKEg IR
CONFIGURATIONS AT MACH NUMBERS _ | = §
OB
FROM 3. 00 TO 6.28 S o N
By Thomas J. Wong and Hermilo R. Gloria | N2 ‘@3‘

Ames Aeronautical Laboratory Eg 3 :

Moffett Field, Calif. j &g&

23 S 8|

RN

2 £ =2 \aHs

=z & B

NATIONAL P ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
March 26, 1956

+J1_56 592

e e




TECH LIBRARY KAFB, NM

oA 20 456406 P AT

NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A PRELIMINARY INVESTIGATION OF THE STATIC STABILITY
CHARACTERISTICS OF FOUR ATRPIANE-ITKE
CONFIGURATIONS AT MACH NUMBERS

FROM 3.00 TO 6.28

By Thomas J. Wong and Hermilo R. Gloria
SUMMARY

Side-force and directional-stability characteristics of four alrplane=-
like configurations were determined at Mach numbers from 3,00 to 6.28,
zero angle of attack, and angles of sideslip up to 4°. Two configurations
had trapezoidal wing and tail surfaces and two had triangular wing and
tail surfaces., Iift, dreg, and piltching-moment data were also obtained
for the triangular-wl configuration with a conical base flare at angles
of attack up to 13°. These data had been obtailned previously for the
other configurations.)

In general, it was found that the directional stabillty of the con-
figurations decreased with increasing Mach number. An increase in the
nose fineness ratio of the trapezoidal-wing configuration decreased direc-
tional stebility. The addition of a conical flare at the base of the
triangular-wing configuration increased directionsl stebilily. Addition
of the flare also increased longitudinal stability as well as 1lift and
drag. Iift-drag ratios were, however, reduced by the addition of the
flare.

INTRODUCTION

References 1 through U4 present data for an airplane-like configuration
at high supersonic speeds. This configuration consisted of trapezoidal
wing and tail surfaces mounted on a cylindrical body which had a fineness-
ratio=3 ogival nose. ILeading edges of the planar surfaces were blunt &s
would be required in flight to alleviate local aserodynamic heating. ILift,
drag, and static longitudinal and lateral stsbllity data were obtained
at Mach numbers of 4,06 and 6.86. A similar configuration was investigated
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in reference 5 together with several changes 1in the basic configuration
which were made in an attempt to increase lift-drag ratios, Specifically,
trianguler-plan~-form wing and tell surfaces were employed to permit an
increase in leading-edge sweep and thereby a reductlion in the drag associ-
ated with leading-edge bluntness. - A body noése with fineness ratio
increased to 5 and with a minimum-drag profile was also employed. Lift,
drag, and static longltudinal stability data were obtained at Mach numbers
from 3.00 to 6.28. However, no directional-stability data were presented
in reference 5. These data have been obtained and are presented herein.

In addition, it was noted 1n reference 5 that the stability of the
configurations decreased with increasing Mach number. This decrease is
associated, of course, wlth the characteristic loss in 1ift effectiveness
of thin planar tail surfaces at high supersonic speeds. It was suggested
in reference 1 that the use of tail surfaces with relatively thick wedge
gections would increase tail effectiveness at high Mach numbers (see
ref. 6). Alternately, 1t was suggested in reference 5 that the use of a
conical base flare on the body would also provide increased stability
(see ref. 7). This latter suggestion was studied by adding a conical
base flare tc one of the models tested in reference 5. The effect of the
conlcal flare on the 1lift and drag as well as the stability characteristics
of the model was determired,

NOTATTION "
b wilng span L
Ca axlal-force coefficient, EEiéégfgzsiu
. dra

Cp drag coefficient, —Egs

1ift .
Cr, 1ift coefficient, 5

pitching moment about centroid

Cm pitching-moment coefficient, of wing gégn ares
Cn yawing-moment coefficient referred to body axes,

yawing moment sbout centroid
of wing plan ares
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slide force

Cy side~force coefficient, 35

mean serodyanamic chord of wing, including portion submerged in

ol

fuselage o _
f fineness ratio, ratio of body length to body dlameter
M free-stream Mach number
q free=stream dynamic pressure
S wing plan-form area, including portion submerged in fuselage
Xep 1ongitudinél center of pressure location, percent & from
centroid of wing plan-~form area, positive forward
a angle of attack, deg
B angle of sideslip, deg
Subsecript
B B_BB.’ per deg

APPARATUS AND TESTS

Tests were conducted in the Ames 10- by li-inch supersonic wind tun-
nel, which is described in detail in reference 8. Aerodynamic forces and
moments acting on the models were measured with a strain-gage balance.
All models were sting-supported from the rear. The sting supports were
shrouded to within 0.04 inch of the model bases, thereby eliminating, for
all practical purposes, aerodynamic loads on the stings.

Base pressures were measured in all tests and the resultant base
force (referred to free-stream static pressure) was substracted from the
measured total forces, Thus, all data presented represent forces acting
on the models shead of the base.

The principle dimensions of the test configurations are shown in
figures 1 and 2. A detailed description of the models may also be found
in reference 5. Two basic and two modified configurations were tested.
One basic confilguration is the trapezoldal wing model shown in figure 1.
This model was modified, as indicated by the dashed lines, by replacing

I
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the fineness-ratio=3 oglival nose sectlon with a fineness-ratio-5 mlnimum-
dreg nose section (see ref. 5). The other basic configuration is the
triangular~wing model shown in figure 2. This model was modified, as
indicated by the dashed lines, by adding a conical flare at the base. The
flare 1s the frustum of a fineness-ratlo-5 cdhe extending 2.07 body diame=
ters forward of the base and increasing the body base diameter by'J-: All
models were constructed of steel. '

Tests were conducted at Mach numbers of 3.00, 4.26, 5.04, and 6.28,
angles of sideslip up to 4O, and angles of attack up to 13°, The free-
stream Reynolds numbers based on the length of the models were

Reynolds number,
Mach million __ )
number | Model with fineness-| Models with fineness-
ratio=3 nose ratio=~5 nose
3.00 TS 9.1
4,26 6.9 8.3
5.0k4 3.3 k.0
6.28 1.4 1.7

In the region of the wind-tunnel test section where the models were
located, the varlation in stream Mach number did not exceed %0.02 at Mach
nunbers from 3.00 to 5.04 and 0.0k at Mach number 6.28. Deviations in
free-stream Reynolds number from the values previously given dild not
exceed 100,000, The estimated errors in angle of attack and angle of
gideslip did not exceed +0.2°,

Preclsion of the date is affected by uncertaintles in measurement of
forces, moments, and base pressures and in the determination of free-
ptream dynamic pressure. and angle of attack or sidesllp. These uncertain-
ties result in meximum possible errors in the aerodynamic force and moment
coefficients as shown in the following table. '

Mach number Cp Cry G Cn Cn
3.00 +0,002 | 0,002 | £0.004 | +£0.0005
.26 *,002 | £.002| *.004 | +.0009
5.04 +,002 | *.002 | £.00L4 | *.0005
6.28 £,004 | +.00k | £.008 | +.001

It should be noted that, for the most part, the experimental results pre=
sented herein are in error by less than thede estimates.

wa—

i



NACA RM A56A06 ’ 5

RESULTS AND DISCUSSION

Results of the tests of the four airplane-~like configurations are
presented in table I, where axial~force, side-~force, and yawing-moment
coefficients are tabulated for various angles of sideslip and test Mach
numbers. In addition, 1lift, drag, and pitching-moment coefficients, and
center=of-pressure locations are presented in table IT for the triangular-
wing model with base flare at various angles of attack. For the other
three test configurations, data corresponding to that given in table II
may be found 1n reference 5. Portions of the data contained in tables I
and II will also be presented in graphical form.

In figure 3, the variation of side-force and yawing-moment coeffi-
cients with angle of sildeslip are presented for the four test configura-
tions at zero angle of attack. It can be seen that, within the limited
sideslip-~angle range of the tests, the variations in side-force coeffi=-
cient are, in general, essentially linear for all test Mach numbers and
configurations. However, the variations of yawlng-moment coefficient are
essentially linear only at the lowest test Mach number, 3.00.

Perheps the most significant trend to be noted in figure .3 is the
decrease in slope at B = 0° of both the Cp and Cy curves with increas-
ing Mach number. Thieg point 1is more clearly illustrated in figure 4 where
the directionel-stability derivative, CnB (measured at o = B = Oo), is

showvn as a function of Mach number for the four test configurations. Here
it is noted that with but one exception, Cnﬁ decreases with lncreasing

Mach number for all configurations. This decrease is a result of the
previously noted decrease in effectiveness of the vertical tail.

It may also be noted in figure )} that modifying the trapezoildal-wing
model by replacement of the £ = 3 ‘mose gection with one of f =5 had a
destabilizing effect. The decrement in CnB generally increases wlth

increasing Mach number. Modifying the triangular-wing model by addition
of the conical flare had a stabllizing effect. In this case the incre-
ment in CnB was essentially independent of Mach number up to M = 5.0h4.

However, the increment increased at M = 6.28 so that the stability of
the triangular-wing model with base flare remalned essentially constant
as Mach mumber increased from 5.04 to 6.28. '

It is indicated, therefore, that the stabilizing effectiveness of
the conical flare increased at M = 6.28. It is belleved that this
increase can be associated with effects of boundary-layer separation
ahead of the tall cone, due, in part, to the relatively low test Reynolds
mumber at M = 6.28. The indlcated increase in stabilizing effectiveness
of the flare may not occur for full-scale Reynolds numbers. A similar
trend was observed in reference 9 in tests of a cone-cylinder with a base
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flare. (Tt may also be distinguished in the data of ref.. 7.) While the
increase in flare effectiveness noted in reference 9 was far greater than
that indicated in figure 4, it should be noted that the flare employed
wag also much larger.

It has been shown that additlion of the conical base flare increases
the directionsal stability of the triangular-wing model. It remalns now to
investigate the effects of the flare on the 1ift, drag, and plitching-moment
characteristics of the model, These effects are 1llustrated in flgures
5 and 6. Iift coefficients as a function of drag coefficilents, piltching-
moment coefficients, and lift-drag ratios are shown in figure 5 for the
triangular-wing models with and without base flare. Iift coefficients as
a function of angle of attack are shown in figure 6.

The data for the basic triangulear-wing model were taken from refer- -
ence 5. It is apparent in figure 5 that the addition of the conical flare
also increases the longitudinal stabllity of the model. The modification
also increases the drag, however, and while the 1ift is increased as well
(see fig. 6), there is a net reduction in lift-drag ratio. This pdint is
more clearly evident in figure 7 where maximum lift-drag ratios for all
four test configurations sre shown as a function of test Mach number.

The data for all but the triangular-wing model with base flare were taken
from reference 5. It may be noted thaet the addition of the base flare
reduces the maximm lift-drag retios of the triangular-wing model at all
Mach numbers. However, the maximum lift-drag ratios obtained for the
triangular-wing model with base flare are higher than those obtailned for
the basic trapezoidal-wing model. It may also be noted that the
triangular-wing model with base flare is more steble (see fig. L4). It is
apparent that stebility about the same as that of the basic trapezoldal-
wing model and greater maximum lift-drag ratios could have been achleved
with a smaller base flare. C- -

It can also be observed in figure 7 that the maximum lift-drag ratio
for all models decreases markedly as the test Mach number is increased
from 4.26 to 6.28. This decrease in maximum lift-drag ratio with increas-
ing Mach number is due primarily to the increased skin-friction drag asso-
ciated)with the decrease of test Reynolds number (see, e.g., refs. 5
and 10).

CONCILUSIONS

The static directional stabllity characteristics of four alrplane-
like configurstions have been determined at Mach numbers from 3.00 to 6.28,
zero angle of attack, and angles of sideslip up to 140, Iift, drag, and
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attack up to 13°. {These data had been obtained previously for the other
configurations.) From the results of these tests, the following conclu-
sions have been drawn:

l. In general, the directlonal stability of all configurations
decreases with lncreasing Mach number,

2, An Increase in the nose fineness ratio of the trapezoildal-wing
configuration decreases directional stability. Addltion of a conical
flare gt the base of the triangular-wing model increases directionsl
stability.

3. Addition of the conical flare to the triangular-wing configura-
tion also iIncreases longltudinal stability, 1lift, end drag. Lift-drag
ratios are, however, reduced.

Ames Aeronauticel ILaboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Jan. 6, 1956
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TABLE T.~ STATIC DIRECTIONAL STABILITY CHARACTERISTICS OF THE FOUR CONFIGURATIONS TESTED; o = o°
K B Ca Cy Cn N B cy Cy Cn M B G Cy Cn M B Cy Cy Cn
(a) Trepezoldal-wing model {b) Modified treperoidal-wing model

3.00 | ~1.81 |0,081 | 0,026 | -0.0048 || 5.0k | -1.84 | 0.036 | 0.019 | -0.0013 | 3.00| -1.82 [0.037 | 0.027 | ~0,00k0 [ 5.04 | -1.8% | 0.033 [ 0.020 | -0.0003
-.83 ] .0M| 012 -.002k -91| .036| .00} ~,0008 -.83) .037| .013| -.co20 -91| .033| .010| -.0003
.16 | LOWL §-,002 .0002 oh | L0360 0001 A5 | 036 | =001 ggg .0k | ,033]|0 0
1.13 | .0#O | ~.017 .0032 .99 | .036| -.010 .0011 1.13 | .037}|-.018 . 29| .033| -.000 .0006
2,10 | 0% [-.032 | ,0058 1.95| .036|-.021 | .o02k 2,11 | ,037{=.0 0051 1.95| ,033]|~.022| .00L2
E'OB .0h1 | -,046 | .00B2 2.90 | .037 -.gil .00 3.08 | .037 |- .0073 2.90| .o34|~.032| .00Lk
.06 | .0kO | ~.061 0111 3.87 | .037| -.0kL .00 Lot | .036]~.059 .0096 3.87| .034| ~.042 .0015

b26 | -1L.78 | 036 022 | -, 6.8 -2.26 | .obk| .02l | ~.0013 | h.26|-L.78 | .032| .oe2| -.c022(16.20 |-2,17| .0k3| .02l | .0003
~60 | .036| .01 | -,0017 -1.14 | .o%3| .QLL | -.0006 .| =90 .032| .01 ~.0010 =114 ,039] .011| .00OL
0 .035 |0 -.10 | .043]| .001L | -.0001 0 0310 o -10| ,038| ,001| ©
.gg .036 | ~.012 0019 .95 | o3| -.008 | 000k gg 032 | -.00L | L0012 95| .039]-.009 L0008
l'ah. .o§ -.023 0035 2.0l .%3 =018 | .0009 1. 032 ) -.02 .008% 2.01 .&33 -,080 .ooolg
2, 036 | - 0070 07| .043]|-.029 | 0020 2, 032 | - . 07 obo|-.031| .00
3.83 | .036 -.olg L0061 13;.13 LOh3 | =00 | L0032 3.23 .03 -.0136 %33 .13 .oko -.023 .0019

{e) Trisngnlar-wing model {3) Triangular-wing model with base flare

3.00| 1,82 .030| .028 | -.ochg| 5.0k} ~1.84 | .026| .o20 | -.c00h | 3.00(-1.82 | ,o34| .029 | -.00m9fn.0k|-L.84} .029| .022| ~.002k
-.83| ,030| .013 | -.0020 -.91| 026 ,010 | -.000hk -.83| .034| .013| =-.0028 -.9L| .08 .01 | =-.001k
A5 | .029 | -.00L ggg LOoh | 08610 0 .15 | .033} ~.002 L0004 O] 0280 o
1.13{ 099 |-,015 , .99 | .026] -.011 0010 1.13 | .03%| -.018 .00k0 58| .08 -.012| .0016
2.1 | .030 -'ol?; .00%0 1.95 | .026| -.021 001k 2.11 | 034 | -.034 00T .95 | .029| =02 0020
09| 030 |- .0072 2,91 | .026|-,032 | ,00LT I2.09 034 | -.050 .0 2.91| .029| .0 .00h2
.08 | .029 |-.060 L0094 3.87| .026( -0k | L0022 .08 | .033| ~.066 .0133 3.88| .o25|-.048 | .00%1

ho6|-1.78 | .02 | .op3 | ~.0022(6.28(-2.06) .033( .022 [ -.0003 | kg6 |-1.70| 028 .08 | -.0037]6.28|-2.17| .03+| .025| -.0031
-.90 | .028 | .012 | -.0010 «~1,1k | ,032| ,012 | ~.0002 =90 | ,028]| .012] -,0020 -1.14| .033| .013| -.0016
0 025 | 001 | -.0001 -10] ,032| 001 |0 -.01]| ,028|0 0 -.10| .033| .002| -.000R
gg 023 | -~.011 .gg:g .95 .032|-,008 | Q .98 | .oeB | ~-.00k | .oo2b 961 .033|~.012| .001B
1, 025 | =, 003 . 2,01 | .032(=-.018 | .000% 1.88 | .028|-.027| .o0u9 2,001 .033| ~.02% | .0029
2.85| .05 -.oﬁ-s .00kl 07| .032| -.0 0017 2.05 | .028 | -.0%0 0069 i'OT 034 | =036 L0035
3.8, | 025 [-~.0k7 | .00RO 1| 032 -.0 -ookg 3.85 | 0281 ~.053 L0087 A | 038 -,050 | L005h
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TABLE IT,- STATIC IONGITUDINAL STABILITY CHARACTERISTICS OF THE
TRIANGULAR-WING MODEL WITH BASE FLARE

3.00 | =0.9% |-0.042 |0.033 {0,008 | -0.19
.03 | =.004k | .032 |0 0

1.02 .033 | .0331}~.010] =-.31

2.02 | .070| .035{=-.021| =.29

L, ol A7 | JOb3 | -,043 | -,28

.26 | ~«1.88 | -.066 | ~.030| .018 | =-.27

-.96 | -.039| .029| .01i2| =~.30

-.02 | -,010 | .028) .o0k| =.45

.95 019} 028 | -.003]| =.15

1.94 048 | .029 | -.012 | =~.24

2.96 077 | .032| =.020| =-.25

8.22 224 | 067 | -.046 | -.20

10.19 2871 .08 | -,058| =~.19

12.13 346 | 1161 -.061 | -.17

5,04 | -1.89 | -.054 | .030| .007| =.12

-.93 { -.031| .028! .002}| =-.08

.03 | -.009 | .027 | -.001 .11

.99 014 | .027 | -.004 | =.30

1.98 .037 | 028 -.008| =-.22

2.95 062 | 030 | =01k | =-.21

7.25 A72 | L0521 -.030 | =.17

8.20 2199 | .060 | -.034 | -.17

9.16 .230 | .069 | =.0kL}| =-,17

10.12 260 | 080 | -.046 ] -.17

11.08 292 | 091 | =.052| =.17

12.05 «325 | .105 | -.060| -.18

6.28 | -2.19 } -.052 | .037| .007| =.13

-1.15 | =.032 | .034| .005| -.1lk

-.11 | -.011 | .032| .002| =-.21

.95 011 | .032}|~.001}| -.06

2.02 034 | .032|~.006| =-.17

3.09 .058 | .034 | ~.012| -.20

6.7h Lkl | L,0k9 | -.016 | =.11

1.77 166 | 057 | =022 =.13

8.80 192 | 066 | -.026| =.13

9.84 219 | .076 | =~.031| =.13

10.91 248 | ,088|~.040] =.16

11.97 2771 .101 | ~.051 | =.17




i

149//

Tangent point

Ve

Wing: Aspect ratio 30
planfarm area 100 sq In.

(incl area submerged in fusefags)
Momenr reference

—2000

2=
_/]

— +38°
2r
Radlus = 3250 79" 25+ L.
=3,
\ 1363 78
3000 3200 3300
11500
l— 72—
.370:I ]— 25
odified configuration using B t100°
Mipimum-dirag nose

—
— -
T,

—
-_—
e — T

/: ‘“‘/147 Mean aerodynamikc chord
y /I\ 0055 ¢ radius

&

080 ¢

X T

f

’m&? ¢ BL0¢

Wing and rail sections

Note+ Al dimenséons in inches
fexcept as noted),

1500

a9\

|

/—0-625 radius

Figure 1— Dimensjons of frapsxoidal-wing modsl

-
-

5478

- - SE—

GOVOSY W VOVN

T




L9IF

—Wing: Aspect ratio 30

/
/

planform areg, 100 sg. in.
tinel. area submerged in

/—Hamenf reference
san aerodymamic chord

S477

3378

fussfage)

0044 ¢ radis

050 ¢
&r I- 36°
—— L

_[—.025 ¢

P

1 T
200 2——60¢ —«L?Ocv :

L'

Wing and ftaoil sactions

Note: All dimensions in Inches
(except as noted),

0625 radiss

Figure 2— Dimensions of frigngular-wing model,

9OVGSEY WM VOWN




~08 0l
-06 2 012
D]
O
qE\_oM / ﬁ E\ .008
Q
QD )
$ % 3 e
§—02 S 004 » -
§ ;“: /
S 3
. 0 46 B o
: : .
o M=3.00 $
0 M=4.26 R
02 O M=5.04 004 ot
A M=6.28
=2 0 ? 4 6 R/ E— 0 7 7

Angle of sidesllp, £, deg

{a) Trapezoidal- wing model.

Figure 3.~ Variation of side-force and yawing-moment coefficients with angle of sideslp, a = 0°

3
[
2
&
5

£T




é

,é

N
Q
A

)

Side-force coefficieni, Cy
|
N

02

L 0l6
012
N i
13 008
3
004 pLs
-~ /D'
§ A
o]
g 0
(%Y
M=3.00 §
M=4.26 S
M=5.04 ~004
M=6.28
4 3 006 ——5 7 7 7 3

Angle of sideslip, B, deg

(b) Modified trapezoidel-wing modsl.

Figure 3.— Continued.

ugs

- QOVYLY WY VOUN




NACA RM AS6406

©
S\ .
M N)
g b
€ ¥ 8 3§ ° % o
! @
Y0 Yusoly 909 Juswow - BUmMoL .m
| °3
2
Qe ¥F® o
SNON 3
e <L _._n_v A.“. F._._u n_n_v —_—
/Im XXX
on< d«
N
S, Q
N
|
4
N T
N S N S © N S
_ _

I 1
A0 usjoy4600 82404-9piS

{c) Triangular-wing modsl,

Figure 3~ Conltinued,

15



Side-force cosfficlent, G,

~08 016
Vit }
-06 . o
O
VR
o
-04 7 3 008 . % =
S /
©
8 ,A o/c 1
-02 » 1 004
%
)
/ 3
o M=300 3 |
O M=426
2 A O M=504 004 /
A M=628
A R 0 ; 4 s 0% 7 2 4

Angle of sideslip, £, deg

(d) Triangulor-wing mode! with bose flare.

Flgure 3.~ Concluded,

9T

&
S
2
&
B
a




3S
NACA RM A56A06 * 17
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Figure 5- Lift, drog, and static-longitudinal-stabilily characteristics of the triangular-wing models.
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Figure 5.— Continued.
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Figure 5.— Continued.
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Figure 6~ Variation of lift coefficient with angle of attack for
friangular-wing models.
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Figure 7— Variation of maximum lift-drag ratio with
Mach number for all models.
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